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1.0 INTRODUCTION 

T h i s  report i n v e s t i g a t e s  and ana lyzes  t h e  per for -  

mance of t h e  HCO High Resolut ion Wavelength Spectrometer 

and t h e  BBRC SPC 324 D/B So la r  Poin t ing  Cont ro l  on NASA 

Aerobee F l i g h t  4.185 US. F l i g h t  eva lua t ion  i n d i c a t e s  

t he  only  system f a i l u r e  t o  have been i n  t h e  poin t ing  

con t ro l .  The reasons f o r  t h i s  f a i l u r e  are discussed.  

I t  i s  poss ib le ,  s tudy  shows, t o  prevent  f u t u r e  f a i l u r e s  

of t h i s  na ture  wi th  improved r e l i a b i l i t y  c o n t r o l  and 

more c l e a r l y  def ined  l i n e s  of  a u t h o r i t y  between Harvard 

and i ts  subcont rac tors .  An o u t l i n e  of  suggested new 

procedures is enclosed. 



2.0 HISTORY 

The Aerobee F l i g h t  4.185 US w a s  launched a t  16:31 

hours UT on September 24, 1968, a t  White Sands M i s s i l e  

Range. The payload contained t h e  HCO (Harvard College 

Observatory) high r e so lu t ion  wavelength spectrometer,  

which u t i l i z e d  t h e  BBRC (Ba l l  Brothers Research Corpora- 

t i o n )  SPC 324 D/B series solar po in t ing  c o n t r o l  ( S P C ) ,  

3.0 FLIGHT PERFORMANCE 

The i n i t i a l  phases of t h e  f l i g h t  appeared normal 

with azimuth coarse a c q u i s i t i o n  a s  expected. When the  

nose cone w a s  raised and the instrument w a s  released, it 

was observed t h a t  t he  po in t ing  accuracy w a s  ou t  of l i m -  

its, wi th  excursions i n  both azimuth and e l e v a t i o n  g r e a t  

enough t o  cause the  SPC coarse  eye system t o  be a l t e r n a -  

t e l y  enabled and d isab led  throughout t h e  f l i g h t .  

A l l  da t a  i n d i c a t e  p e r f e c t  opera t ion  o f  t h e  scien-  

t i f i e  instrumentat ion.  Data w a s  obtained when t h e  poin t -  

ing  c o n t r o l  w a s  p roper ly  po in t ing  i n  t h e  " f i n e  eye" mode, 

t h a t  is  when t h e  po in t ing  error i n  e l e v a t i o n  w a s  'within 

t w o  arc minutes peak-to-peak (one arc minute e i t h e r  side 

of t h e  c e n t e r  of  t h e  solar d i s c )  and wi th in  e i g h t  arc 

minutes peak-to-peak ( four  a r c  minutes e i t h e r  s i d e  of 

t h e  c e n t e r  of t h e  solar d i s c )  i n  t h e  azimuth a x i s .  (cf .  
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Appendix S f o r  a desc r ip t ion  of  t h e  d a t a  co l l ec t ed . )  

A t  t h e  command t o  restow t h e  instrument  and re- 

t u r n  t h e  nose cone t o  a down and locked condi t ion,  the  

instrument stowed, b u t  t h e  cone d i d  not  d r i v e  down. 

4.0 INSTRUmNT RECOVERY 

The instrument had broken o u t  of  t h e  stowed posi- 

t i o n  during reent ry ,  probably on parachute deployment. 

Because of t h i s ,  and because t h e  nose cone d i d  n o t  come 

down, t h e  instrument was subjec ted  t o  su r face  heating, 

bu f fe t ing ,  and d e s e r t  contamination. The f i b e r g l a s s  

thermal s h i e l d  w a s  burned and r ipped away, b u t  t h e  rest 

of t h e  instrument exh ib i t ed  very l i t t l e  damage when it 

w a s  brought back t o  t h e  Navy Headquarters b u i l d i n g  a f t e r  

t h e  shot .  The instrument w i l l  be re furb ished  and re- 
launched. (Figure 1 shows t w o  views of t h e  instrument 

a t  t h e  recovery site.) 
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FIGURE I -INSTRUMENT AT RECOVERY 
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5.0 FAILURE ANALYSIS 

F l i g h t  eva lua t ion  shows t h e  only  system f a i l u r e  t o  

be i n  t h e  po in t ing  con t ro l .  The cause o f  the  f a i l u r e  

was an improper assembly of t h e  po in t ing  c o n t r o l  b a t t e r y  

pack, which powers t h e  con t ro l ,  when one ce l l  w a s  phy- 

s i c a l l y  reversed. 

The b a t t e r y  pack is  composed of 2 0  Yardney HR-3 

s i l v e r c e l l s  with a nominal b a t t e r y  vol tage  of 30 v o l t s .  

With one ce l l  reversed, t h e  b a t t e r y  had a maximum v o l t -  

age of 27 v o l t s .  

A review of t h e  evidence i n d i c a t e s  t h a t  t h e  one 

c e l l  w a s  reversed a f t e r  t he  h o r i z o n t a l  test, and t h i s  

r e v e r s a l  w a s  n o t  de t ec t ed  by t h e  remaining p r e f l i g h t  

checks. During t h e  ho r i zon ta l  test  the  b a t t e r y  pack i s  

l a i d  on i t s  s i d e  making poss ib l e  a c i d  leakage. There- 

fore ,  a f t e r  checks t h e  b a t t e r y  cel ls  are taken apart 

and t h e  whole assembly cleaned. When t h e  b a t t e r y  pack 

w a s  reassembled it w a s  n o t  checked. The p o s i t i v e  ter- 

minals should have been colored red,  so than an obvious 

check could have been made. 

The b a t t e r y  took a charge o f  40.5 v o l t s  a f t e r  t he  

cleaning.  I t  operated proper ly  through t h e  v e r t i c a l  

checks, and w a s  recharged. An open c i r c u i t  check of 

vo l tage  again read 40.5 v o l t s .  The b a t t e r y  pack p la teau  
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vol tage  i s  approximately 30 v o l t s ,  and t h e  peak "per- 

oxide" l e v e l  vo l tage  i s  37.5 v o l t s .  Thus t h e  b a t t e r y  

w a s  overcharged. 

The f i n a l  p r e f l i g h t  check of  t h e  b a t t e r y  w a s  run 

a t  T-30 by t h e  BBRC engineer ,  

r ecyc l ing  (i.e.,  charging and discharging)  the  b a t t e r y  

f o r  t w o  minutes.  The end vol tage  w a s  read  a t  2 8  v o l t s .  

(This i s  compared t o  a nominal b a t t e r y  vol tage  of  30 

v o l t s . )  The engineer concluded t h a t  t h e  b a t t e r y  a c t e d  

l i k e  a "cold b a t t e r y "  and the  pack w a s  no t  inspected. 

T h i s  check is  made by 

T h i s  conslusion w a s  a mistake i n  judgment, s i n c e  

t h e  rocke t  w a s  i n  a c o n t r o l l e d  room a t  60'F on t h e  t o w e r .  

I n  t h e  p a s t ,  before  t h e  c o n t r o l l e d  room w a s  added, l o w e r  

temperatures e a r l y  i n  the  morning w e r e  no t  usual,  i.e., 

w 30OF. An inspec t ion  of t h e  b a t t e r y  pack should have 

been made a t  t h i s  po in t .  

BBRC claims t h a t  t h e  v i b r a t i o n s  caused by  t h e  s p i n  

rate of t h e  rocke t  a f f e c t e d  t h e  po in t ing  con t ro l .  Pre- 

f l i g h t  ground tests had determined t h a t  t he  maximum nose 

cone motion, or i t s  p o i n t  of  resonance, occurred with a 

rocke t  s p i n  rate of 2.4 r p s  t o  2.5 rps .  The f l i g h t  p lan  

c a l l e d  f o r  a s p i n  rate between 1.8 to  2.0 rps, 

F l i g h t  da t a  show the  rocke t  s p i n  rate t o  have been 

2.5 r p s  af ter  burnout,  2.0 rps  a f t e r  yo-yo release, and 

f i n a l l y  2.48 r p s  a f t e r  t h e  apron s t a g e  was despun, There- 
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fore, nea r  maximum nose cone motion w a s  encountered. 

However, had t h e  b a t t e r y  been p rope r ly  wired, 

t h e  po in t ing  c o n t r o l  would have helped t o  damp t h e  v i -  

b ra t ion  of t h e  cone. This would have improved t h e  

poin t ing .  

BBRC i n d i c a t e s  t h a t  another  reason f o r  t h e  in- 

creased cone motion might have been t h e  in t roduc t ion  of 

an  o f f s e t  betweer. t h e  vehic le  sp in  a x i s  and t h e  payload. 

Performance tests a t  BBRC show t h a t  t he  major cause of 

o f f s e t  has been misalignment between t h e  payload sec- 

t i o n s  a f t  of t h e  po in t ing  con t ro l .  The r e s p o n s i b i l i t y  

f o r  t he  alignment of t h e  payload s e c t i o n s  rests w i t h  

NASA. 

The servo-system's capac i ty  t o  cope wi th  t h e  in- 

s t rument ' s  moment of i n e r t i a  was questioned. Experiments 

i nd ica t ed  however, t h a t  t h e  po in t ing  c o n t r o l  can handle 

t h e  instrument . 
The increased v ibra t ion ,  caused by t h e  sp in  rate, 

loosened t h r e e  yoke p ins  connecting the  l i f t  rod to t h e  

body of t h e  upper sec t ion .  M r .  Ralph Shook of BBRC be- 

l i e v e s  t h a t  t h e  nose cone would have restowed i f  t he  

yoke p ins  had no t  loosened. This opinion is based on t h e  

f a c t  that t h e  r e s t o w  mechanism w i l l  w o r k  f o r  vo l tages  as 

l o w  as 15 v o l t s .  Two of t h e  p i n s  w e r e  d r iven  out .  The 

t h i r d  p in  was dr iven  i n  so f a r  t h a t  t he  l i f t  rod c a m e  
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down on it when t h e  command to  restow w a s  given, There- 

fore ,  it w a s  impossible f o r  t h e  nose cone t o  r e s t o w .  

6.0 CONCLUSIONS FUTURE PROCEDURES 

The primary f a u l t  for the  f a i l u r e  must l i e  wi th  

t h e  t echn ic i an  respons ib le  for assembling the  b a t t e r y  

pack following t h e  ho r i zon ta l  test. However, t h e  re- 

s p o n s i b i l i t y  t o  prevent  t h i s  kind of e r r o r  l i e s  with t h e  

o v e r a l l  o rganiza t ion .  

The key problem w a s  t h a t  t h e  r e l i a b i l i t y  c o n t r o l  

over t h e  assembly of t h e  po in t ing  devices w a s  n o t  suf-  

f i c i e n t .  It  should have been a t  least  equal  t o  t h e  re- 

l i a b i l i t y  p o l i c y  applied t o  t h e  s c i e n t i f i c  instrument ,  

Control  for t h e  instrument is  wi th  HCO, and BBRC should 

prcvide a s i m i l a r  independent c o n t r o l  of t h e  SPC system. 

Analyses of t h e  f l i g h t  i n d i c a t e  t h a t  there w e r e  

four  major reasons f o r  f a i l u r e s :  

(1) The improper assembly and inspec t ion  of t h e  
p o i n t i n g  con t ro l :  

( 2 )  A n  inadequate procedure for checking systems; 

(3 )  Excessive v i b r a t i o n  caused by rocket s p i n  
rate: 

(4)  The loosening o f  three yoke p ins .  

I n  order  t o  improve t h e  chances f o r  t h e  success  of f u t u r e  

missions us ing  t h e  BBRC po in t ing  con t ro l ,  t h e s e  s i t u a t i o n s  
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must be cor rec ted .  The following p l ans  have been made 

t o  accomplish t h e  necessary cor rec t ions :  

1) To as su re  a proper assembly, a n  assembly check 

l i s t  has been agreed upon. A t  each step i n  t h e  assem- 

b l y  opera t ion  the  check l i s t  must be cosigned by t w o  

p r o j e c t  t echnic ians .  This  w i l l  provide a s t e p  by s t e p  

r e l i a b i l i t y  c o n t r o l  over t he  assembly operat ion.  

2) A new plan  has been i n i t i a t e d  f o r  eva lua t ing  

checks carried o u t  a f t e r  assembly is  completed. Dur- 

ing t h e  ho r i zon ta l  and v e r t i c a l  tests, t h e  values  of 

a l l  commutator p o i n t s  w i l l  be entered on a l is t .  T h i s  

l i s t  s p e c i f i e s  t h e  allowable l i m i t s  f o r  a l l  values .  

I f  improper values  appear,  a f i x  w i l l  be made and the 

t e s t  run again.  I f  t he  value remains unsa t i s f ac to ry ,  

t he  launch w i l l  be postponed. T h i s  procedure has t h e  

advantage of e l imina t ing  much of the  human dec is ion  

making a t  t h e  launch. 

3 )  A complete a l l -up  check w i l l  be made a t  f u t u r e  

launches.  The payload w i l l  be taken o u t  of  doors and 

a complete t e s t  of a l l  systems w i l l  be made under s i m -  

u l a t e d  f l i g h t  condi t ions.  (Th i s  w i l l  inc lude  v ibra-  

t i o n  tests, i n  t h e  t h r e e  axes i n  f l i g h t  conf igura t ion ,  

conducted indoors.)  

4) Excessive v i b r a t i o n  caused by rocket  s p i n  rate 

proved a problem during t h e  l a s t  f l i g h t .  T k r e f o r e ,  

a d i f f e r e n t  yo-yo despin system w i l l  be used on t h e  
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nex t  rocke t  i n  order  t o  c o n t r o l  t h e  s p i n  rate and t h e  

v i b r a t i o n .  The 30% yo-yo system used on t h e  l a s t  

f l i g h t  w i l l  be replaced by a 5077 yo-yo system. 

5 )  To prevent  yoke p ins  from loosening, t h e  yoke 

has  been redesigned. 

6) Lines of a u t h o r i t y  f o r  t h e  p r o j e c t  must cont inue 

t o  be made clear. This w i l l  a s su re  r e l i a b i l i t y  c o n t r o l  

a t  a l l  l e v e l s .  F i n a l  dec is ion  making a u t h o r i t y  a t  t h e  

launch w i l l  rest w i t h  t h e  p r o j e c t  engineer .  However, 

a t  a l l  other t i m e s ,  personnel i n  o the r  organiza t ions ,  

con t r ac t ing  t o  do work for HCO, w i l l  be respons ib le  t o  

t h e  HCO engineers .  The r e s p o n s i b i l i t y  of the  HCO en- 

g ineer ing  s t a f f  i s  to  see t h a t  a l l  work s p e c i f i c a t i o n s  

e s t a b l i s h e d  by Harvard are f u l f i l l e d .  
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APPENDIX L 

Data Received on Aerobee F l i q h t  4.185 

A more d e t a i l e d  account o f  t h e  r e s u l t s  f r a n  t h i s  

f l i g h t  and t h e i r  s c i e n t i f i c  imp l i ca t ions  w i l l  appear i n  

papers publ ished i n  S o l a r  Physics (Parkinson and Reeves, 

1969; Gingerich e t  a l ,  1969). An abbrev ia t ed  ve r s ion  of 

them is presented  here.  

The ou tpu t  of  t h e  photomultiplier-amplifier system 

w a s  measured b o t h  by ra te  meters and by a q u a s i - d i g i t a l  

system. These ou tpu t s  and t h e  g r a t i n g  p o s i t i o n ,  as in-  

d i c a t e d  by a s h a f t  encoder, w e r e  fed t o  the  rocke t  tele- 

metry and recorded with u n i v e r s a l  t i m e  a t  t he  ground 

s t a t i o n s  a t  White Sands. 

A s  has  been d iscussed  i n  some l eng th  earlier i n  

t h i s  r epor t ,  t h e  bi-axial po in t ing  c o n t r o l  operated on ly  

i n t e r m i t t e n t l y  dur ing  t h e  f l i g h t .  However, t h e  t i m e  re- 

sponse of t h e  spectrometer  d e t e c t i o n  system w a s  more 

than s u f f i c i e n t  to  a l l o w  

be made i n  t h e  continuum 

1400A t o  1 8 7 5 i  from the  
0 

many i n t e n s i t y  measurements t o  

throughout t h e  wavelength range 

c e n t r a l  p o r t i o n  o f  t h e  solar 

d i s c .  I n  order  t o  extract  correct and unambiguous solar  

i n t e n s i t i e s  f r o m  t h e s e  records s t r ic t  cri teria w e r e  ap- 

plied i n  s e l e c t i n g  the  data from t h e  f i n a l  f l i g h t  records.  

These cr i ter ia  w e r e  as  follows: 
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1. The twenty arc minutes long by  seven arc seconds 

w i d e  s l i t  w a s  wi th in  &3 arc minutes of t h e  s u n ' s  c e n t e r  

as estimated from t h e  po in t ing  c o n t r o l  records. 

2 .  An accura t e  wavelength scale was f i t t e d  t o  t h e  

complete record by applying l abora to ry  observat ions 

which  w e r e  taken during t h e  p r e f l i g h t  c a l i b r a t i o n .  In- 

t e n s i t y  measurements w e r e  at tempted only  i n  regions where  

expected f e a t u r e s  could be c l e a r l y  recognized by refer- 

ence t o  t h e  wavelength scale. 

3. Data on or poss ib ly  involving the  wings of e m i s -  

s i o n  l i n e s  w e r e  excluded f r o m  t he  f i n a l  s c i e n t i f i c  anal-  

y s i s .  

4. Whenever a n  absorp t ion  l i n e  w a s  c l e a r l y  recorded, 

an  estimate w a s  made of t h e  continuum i n t e n s i t y  a t  t h e  

t op  and bottom of t h e  l i n e .  

5. .Whenever necess'ary t h e  i n t e n s i t y  w a s  cor rec ted  

f o r  atmospheric absorp t ion  by us ing  the  r e s u l t s  of a 

computer program devised by D r .  G .  Withbroe, 

Since a per iod  of 1 2  mil l iseconds r ep resen t s  a 

s p e c t r a l  scan of 0.06A (1 reso lu t ion  element) it was nec- 

e s s a r y  t o  select regions when t h e  po in t ing  w a s  satisfac- 

t o r y  f o r  a time s u f f i c i e n t  t o  guarantee t h a t  enough good 

data p o i n t s  w e r e  obtained t o  insure  t h a t  i n t e n s i t y  m e a s -  

urements w e r e  n o t  made i n  an  absopr t ion  or emission l i n e .  

Therefore,  a l l  continuum i n t e n s i t i e s  repor ted  r ep resen t  
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Figure A - 1  

Figure ~ - 1  shows t h e  da ta  (loglo ergs/cm2 sec c m  

s t e r a d i a n )  p l o t t e d  a g a i n s t  wavelength. The s o l i d  curves 

r ep resen t  t he  values  obtained f o r  an equiva len t  b lack  

body of temperature 4400°K, 4600°K, and 4800OK. Included 

on t h e  graph are t w o  values,  ind ica ted  by t r i a n g l e s ,  from 
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our  OSO-IV spectrometer-spectroheliometer (Goldberg e t  

a l ,  1969).  I t  w a s  indeed encouraging to  note  t h a t  a t  

1400h, t he  i n t e n s i t i e s  from both instruments  are i n  sub- 

s t a n t i a l  agreement. 

There i s  c l e a r l y  an  as y e t  unexplained discrepancy 

between our  observa t ions  and those of  t h e  NRL group, 

Our i n t e n s i t i e s  are i n  gene ra l  l o w e r  by a f a c t o r  of 3 

than t h e  m o s t  c u r r e n t  estimate by Whiting and P u r c e l l  

(1969). I n  t h e  reg ion  of t h e  temperature minimum, t h i s  

r e p r e s e n t s  approximately 250°K. Corroborat ive observa- 

t i o n a l  evidence f o r  t h e  l o w e r  temperature minimum have 

been r epor t ed  by Eddy, Lena, and MacQueen (1969). T h e i r  

a i rbo rne  observa t ions  made around 300 microns y i e l d  a 

b r i g h t n e s s  temperature of 4300OK. 

A s  a r e s u l t  of t hese  observa t ions  from widely sepa- 

ra te  p o r t i o n s  of t h e  solar spectrum, t h e  new l o w e r  va lue  

f o r  t h e  temperature minimum has  been accepted i n  t h e  for -  

mulat ion of a new model of t h e  S o l a r  Atmosphere by Gin- 

ge r i ch  and o t h e r s  a t  Harvard and Smithsonian Observator ies .  

The new model is  known as t h e  "Harvard-Smithsonian R e f -  

erence Atmosphere. " 
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APPENDIX II 

Thouqhts on t h e  F a i l u r e  of Aerobee F l i q h t  4.185 

The o n l y  system t h a t  fa i led  on t h i s  f l i g h t  w a s  t h e  

azimuth po in t ing  c o n t r o l .  The f a i l u r e  w a s  caused by a n  

improper assembly of the  b a t t e r y  pack, which w a s  n o t  

de t ec t ed  by t h e  superv isory  people i n  t h e  po in t ing  con- 

t r o l  group. 

The t echn ic i an  r e spons ib l e  for assembling t h e  bat- 

teries w a s  newly t r a n s f e r r e d  to  the  p o i n t i n g  c o n t r o l  

group. H e  should n o t  have had t h e  f u l l  confidence of h i s  

superv isors .  Therefore,  it i s  p o i n t l e s s  t o  a t t r i b u t e  t o  

him any f a u l t  except  t he  misasernbly. 

F a u l t  for a lack of r e l i a b i l i t y  procedures l ies 

wi th  t h e  superv isory  people of the  po in t ing  c o n t r o l  group, 

and wi th  t h e  persons respons ib le  f o r  t h e  o v e r a l l  organi-  

z a t i o n  of t h e  p r o j e c t .  

To  s o m e  ex t en t ,  it w a s  Harvard 's  f a i l u r e .  HCO 

should have more c l e a r l y  understood t h e  l i n e s  of a u t h o r i t y  

a t  BBRC for  t h e  i n t e g r a t e d  package ( t h e  instrument  and 

t h e  p o i n t i n g  c o n t r o l ) .  

The t w o  elements of t h e  i n t e g r a t e d  package should 

have been under t h e  a u t h o r i t y  of a s i n g l e  person. The re- 

l i a b i l i t y  c o n t r o l  of t h e  instrument  w a s  supe r io r  t o  t h e  

r e l i a b i l i t y  c o n t r o l  of t h e  product ion and assembly of the  

po in t ing  c o n t r o l .  I f  a g r e a t  deal of e f for t  goes i n t o  t h e  
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t e s t i n g ,  assembly, and gene ra l  q u a l i f i c a t i o n s  of  t h e  in-  

strument,  t h e  s a m e  l e v e l  of t e s t i n g  supe rv i s ion  of  as- 

sembly and gene ra l  q u a l i f i c a t i o n s  should go i n t o  t h e  

po in t ing  c o n t r o l ,  The p o i n t i n g  c o n t r o l  group cannot  be 

autonomous. It  must be a d j u s t e d  by t h e  o v e r a l l  p r o j e c t  

manager t o  s u i t  t h e  l e v e l  of s o p h i s t i c a t i o n  decided upon 

by t h e  management i n  conjunct ion  wi th  Harvard, 

Harvard does supply t h e  q u a l i t y  c o n t r o l  f o r  t h e  

instrument.  HCO's  c a l i b r a t i o n ,  determinat ion of reso- 

l u t i o n ,  and wi tnes s ing  of t h e  noise  l e v e l  i n  t h e  in-  

s t rument  under a v a r i e t y  of condi t ions  are e x c e l l e n t  

measures of  t h e  i n s t rumen t ' s  r e l i a b i l i t y .  However, HCO 

cannot s e r v e  as a r e l i a b i l i t y  c o n t r o l  f o r  t h e  p o i n t i n g  

c o n t r o l  device,  s i n c e  t h e  HCO s t a f f  does no t  r e g u l a r l y  

work wi th  servo-mechanisms, 

BBRC should provide a person for independent re- 

l i a b i l i t y  c o n t r o l  of  t h e  p o i n t i n g  c o n t r o l  group. H e  should 

report d i r e c t l y  to  t h e  Project Engineer, who should be i n  

charge of  t h e  i n t e g r a t e d  package. The p o i n t i n g  c o n t r o l  

group 's  i n t e r n a l  r e l i a b i l i t y  c o n t r o l  has proven adequate 

i n  t h e  past;  however, it proved inadequate f o r  t h i s  f l i g h t .  

The r e l i a b i l i t y  c o n t r o l  person, associated wi th  the  

p o i n t i n g  c o n t r o l  should supe rv i se  t h e  s p e c i f i c a t i o n s  and 

tests f o r  t h e  p o i n t i n g  c o n t r o l .  The Project Engineer 

from BBRC, who superv ises  t h e  whole project, must be a t  

White Sands f o r  t h e  launching. H e  should r e se rve  f o r  
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himself t h a t  par t  of t h e  a u t h o r i t y  which BBRC h a s  i n  t h e  

launch determinat ion.  The engineer  should be advised  by 

t h e  r e l i a b i l i t y  c o n t r o l  person j u s t  p r i o r  t o  launch as 

t o  whether t h e r e  should be a hold of  t h e  launch. 

The q u a l i t y  c o n t r o l  person, who a d v i s e s  t h e  Project 

Engineer, should be aloof f r o m  t h e  gene ra l  p re s su re  of 

t h e  launch p repa ra t ions .  There is a g r e a t  deal of momen- 

tum b u i l t  up i n  t h e  hours and minutes and seconds be fo re  

t h e  launch, The momentum is very  hard t o  f r u s t r a t e  for 

those who are immediately involved w i t h  t h e  p repa ra t ions  

and checks,  A q u a l i t y  c o n t r o l  person, who has maintained 

a loo fness  and o b j e c t i v i t y ,  is  i n  a better p o s i t i o n  t o  

make t h e  determinat ion t o  stop t h a t  momentum than  are t h e  

people involved i n  those  p repa ra t ions  . 
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APPENDIX 111 - 
A l e t t e r  r e p o r t  on instrumentat ion and f l i g h t  performance 
of t he  S o l a r  Poin t ing  Control  SPC 324 D/B, Telemetry Sys- 
t e m  TEL 333,  and NASA Aerobee F l i g h t  4,185 US.  T h i s  re- 
p o r t  w a s  prepared by B a l l  Brothers Research Corporation, 
and has been r e p r i n t e d  here for re ference  purposes.  

November 22, 1968 

INTRODUCTION 

The B a l l  B r o t h e r s  Model SPC 300 D/B s o l a r  po in t ing  c o n t r o l  
w a s  designed and b u i l t  t o  provide accu ra t e  o r i e n t a t i o n  of 
s c i e n t i f i c  instrumentat ion toward t h e  c e n t e r  of t h e  solar 
d isc  during the  upper atmospheric po r t ion  of  an Aerobee 
sounding rocket  f l i g h t .  T h i s  model po in t ing  c o n t r o l  provides 
for maximum instrument p r o t e c t i o n  during r e e n t r y  and landing 
by r e t a i n i n g  t h e  nose cone i n  a raised p o s i t i o n  during in- 
s t rumentat ion data a c q u i s i t i o n  and r e tu rn ing  the  instrument 
and nose cone t o  locked condi t ions  upon completion of da ta  
a c q u i s i t i o n .  

The B a l l  Bro thers  Model TEL 300 te lemet ry  system provides 
FM/FM radio t ransmission of instrument e l e c t r o n i c  da ta  out- 
pu ts ,  s o l a r  po in t ing  c o n t r o l  performance da ta  outputs ,  and 
veh ic l e  performance da ta  outputs  during the  rocket  f l i g h t  . 
The primary ob jec t ive  of t h e  s c i e n t i f i c  instrument on board 
w a s  t o  ob ta in  solar s p e c t r a l  d a t a  i n  the  region of 1400A t o  
l 9 O O A  u s ing  a high r e so lu t ion  E b e r t  spectrometer i n  conjunc- 
t i o n  w i t h  an o f f  a x i s  c o l l e c t i n g  te lescope  and a cont inuously 
scann ing 'g ra t ing ,  The s p e c t r a l  data f r o m  t h e  photomul t ip l ie r  
tube w a s  fed through a hybrid d ig i t a l - ana log  data system and 
t ransmi t ted  t o  ground r ece ive r s  v i a  t h e  te lemetry system. 
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Solar Po in t ing  Con t ro l  SPC 3 2 4  D/B and Telemetry System TEL 
3 3 3  w e r e  f a b r i c a t e d  and de l ive red  i n  accordance wi th  Harvard 
College Observatory purchase order 2-88881 on May 16, 1967. 

SYSTEM INTEGRATION 

Pre l iminary  i n t e g r a t i o n  tests of SPC 3 2 4  D/B and TEL 3 3 3  with 
t h e  f l i g h t  instrument  w e r e  begun on May 1, 1967, 

On May ls t ,  t h e  eyeblock w a s  f i t t e d  t o  t h e  instrument  and t h e  
instrument  then  m a t e d  t o  t h e  po in t ing  c o n t r o l .  A t  t h i s  p o i n t  
necessary mechanical adjustments  w e r e  made to  provide proper 
c l ea rances  between t h e  instrument  and nose cone. The rou t -  
i n g  of t h e  i n t e r f a c e  c a b l i n g  between t h e  eyeblock, instrument  
and p o i n t i n g  c o n t r o l  was determined and t h e  f a b r i c a t i o n  of  
t h e s e  cables w a s  begun. 

On May 2, 1967, t h e  cable f a b r i c a t i o n  w a s  completed and in-  
s ta l led on t h e  instrument ,  I n i t i a l  electrical  tests w e r e  be- 
gun wi th  v e r i f i c a t i o n  t h a t  t h e  instrument  w a s  o p e r a t i n g  pro- 
perly through the  p o i n t i n g  c o n t r o l  wir ing.  The po in t ing  con- 
t r o l  w a s  then  operated through i t s  normal sequence and t h e  
instrument  monitored fo r  any abnormal i n d i c a t i o n s .  During 
t h e s e  tests it w a s  discovered t h a t  excess ive  no i se  w a s  i n t r o -  
duced i n t o  t h e  instrument  through t h e  instruments  tes t  i n p u t  
connector.  

The remainder of t h e  week  w a s  spen t  i n  i s o l a t i n g  no i se  in -  
t e r f e r e n c e  problems, I t  was f i n a l l y  decided t h a t  a means 
must be devised t o  open t h e  t es t  p u l s e  i n p u t  l i n e  t o  the  in- 
s t rument  t o  e l i m i n a t e  t h e  antenna e f f e c t  of t h e  l i n e ,  

On May 8th,  t h e  p o i n t i n g  c o n t r o l ,  inst rument  and te lemet ry  
system w e r e  a l l  opera ted  t o  o b t a i n  records of t h e  compata- 
b i l i t y  between systems prior t o  c a l i b r a t i o n  of t h e  instrument.  
A t  t h i s  po in t ,  i n t e g r a t i o n  t e s t i n g  w a s  terminated t o  a l l o w  
for c a l i b r a t i o n  o f  t h e  instrument  . 
I n t e g r a t i o n  t e s t i n g  resumed on August 2 2 ,  1968, w i th  random 
v i b r a t i o n  tests of t h e  po in t ing  c o n t r o l  and t e l eme t ry  sys- 
t e m ,  These tests w e r e  conducted to  f u l f i l l  t h e  requirements 
s e t  f o r t h  by the  NASA F l i g h t  Readiness Review Board a t  NASA 
Goddard. 
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During t h e  week of  September 2, 1968, the  instrument com-  
partment assembly w a s  attached t o  t h e  nose cone evacuation 
system t o  determine u l t ima te  p re s su res  t h a t  could be obtained 
i n  the  nose cone. These tests also served t o  remove as much 
trapped a i r  as poss ib l e  i n  t h e  instrument and i n  genera l  
c l ean  t h e  e n t i r e  instrument compartment and instrument.  

On September 6, 1968, i n t e g r a t i o n  t e s t i n g  aga in  resumed 
w i t h  a review of instrument,  po in t ing  c o n t r o l  and te lemet ry  
system i n t e r f a c e s .  A t  t h i s  t i m e ,  a d d i t i o n a l  modif icat ions 
w e r e  made t o  incorpora te  t h e  use of a yo-yo despin system. 

On September 9th, the  necessary modif icat ions w e r e  comple- 
ted  and t h e  po in t ing  c o n t r o l  and te lemet ry  systems w e r e  
checked t o  v e r i f y  proper opera t ion  p r i o r  t o  connection of 
t h e  f l i g h t  instrument,  

On September 10, 1968, t h e  instrument w a s  mated t o  the  point-  
i ng  c o n t r o l  and mechanical i n t e r f e rences  w e r e  rechecked to  
a s su re  proper set  of t h e  instrument i n s i d e  the  nose cone, 
I n t e r f a c e  cable rou t ing  w a s  again checked t o  the  s a t i s f a c t i o n  
of a l l  concerned. 

The instrument w a s  operated through the  po in t ing  c o n t r o l  
wi r ing  and it w a s  determined t h a t  t h e  instrument was very 
q u i e t  compared to  t h e  tests of May 1967, 

On September 11, 1968, t h e  instrument  w a s  operated w i t h  t h e  
po in t ing  c o n t r o l  a l so  operat ing.  A l l  e lectrical  i n t e r f a c e s  
checked proper ly  and the  instrument opera t ion  w a s  very q u i e t  
with v i r t u a l l y  no i n t e r f e r e n c e  caused by t h e  po in t ing  con t ro l .  

The po in t ing  c o n t r o l  w a s  moved ou t s ide  t o  run a po in t ing  
check and to  a l i g n  t h e  eyeblock po in t ing  axes w i t h  t h e  i n -  
strument o p t i c a l  a x i s ,  Alignment w a s  accomplished, by shim- 
ming t h e  eyeblock mounting t o  an  accuracy of better than one 
q u a r t e r  arc minute. 

The po in t ing  c o n t r o l  w a s  moved back i n t o  t h e  lab where  three 
instrument restow sequences w e r e  run to  in su re  t h a t  t h e  in- 
strument would be stowed i n  t h e  proper p o s i t i o n  t o  a l low t h e  
nose cone t o  r e t u r n  t o  t h e  locked p o s i t i o n  p r i o r  t o  reent ry .  
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On September 1 2 ,  1968, var ious  po in t ing  c o n t r o l  checks w e r e  
m a d e  which requi red  t h e  instrument.  These checks include 
t h e  determinat ion of nose cone resonance frequency and t h e  
po in t ing  c o n t r o l  slewing speed. Azimuth coarse acqu i s i t i on ,  
response,  and po in t ing  s t a b i l i t y  w e r e  checked t o  determine 
t h e  servo system ga ins  necessary for f l i g h t .  The a f te rnoon 
w a s  spen t  i n  running checks f o r  no ise  i n t e r f e r e n c e  i n  t h e  
instrument us ing  t h e  te lemet ry  readouts,  as i n  f l i g h t .  Upon 
completion of these  tests, it w a s  determined t h a t  a l l  systems 
w e r e  ope ra t ing  w e l l  and w e r e  ready for a f l i g h t  simulated 
pe r f ormance t e  s t . 
The performance tes t  w a s  run a t  about  1100 hours on Septem- 
ber 13. The po in t ing  c o n t r o l  and te lemet ry  systems operated 
p e r f e c t l y ;  however, it w a s  discovered t h a t  t h e  experiment 
tes t  b a t t e r y  w a s  dead and t h e  instument d id  n o t  funct ion.  It  
w a s  decided t o  re run  t h e  performance test a t  W h i t e  Sands ra- 
t h e r  than de lay  t h e  scheduled shipment t h a t  af ternoon.  

FIELD OPERATIONS 

F i e l d  t e s t i n g  of solar po in t ing  c o n t r o l  SPC 324 D/B and 
te lemet ry  system TEL 333 w i t h  t h e  Harvard f l i g h t  instrument 
began a t  White  Sands M i s s i l e  Range, New Mexico, on September 
17, 1968. 

The po in t ing  c o n t r o l  and te lemet ry  system, w i t h  a l l  a s soc ia t ed  
f i e l d  support  equipment, w e r e  unpacked and checked for possi-  
ble shipping damage. The po in t ing  c o n t r o l  w a s  assembled, t h e  
instrument w a s  i n s t a l l e d ,  and a series of checks w e r e  run t o  
a s su re  t h a t  a l l  systems w e r e  ope ra t ing  proper ly ,  The remainder 
of t h e  day w a s  spen t  p o t t i n g  var ious connectors and e l e c t r o n i c  
subassemblies as they  w e r e  checked for f l i g h t  readiness ,  

O n  September 1 7 t h ,  t h e  po in t ing  c o n t r o l  w a s  moved o u t s i d e  on 
t h e  p a t i o  of t h e  Navy Headquarters bu i ld ing  f o r  ou t s ide  poin t -  
ing  checks. These checks included po in t ing  c o n t r o l  sens ing  
checks, f i n a l  determinat ion of t h e  servo  system f l i g h t  gains,  
and a recheck of t h e  alignment between t h e  instrument o p t i c a l  
a x i s  and t h e  eyeblock a x i s .  
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On September 18, 1968, a d d i t i o n a l  po in t ing  c o n t r o l  and in- 
strument i n t e r f a c e  tests w e r e  run wi th  a l l  systems ope ra t ing  
normally, The te lemetry system w a s  checked us ing  t h e  NASA 
te lemet ry  ground s t a t i o n  a t  t h e  Aerobee launch area. These 
po in t ing  c o n t r o l  checks w e r e  completed p r i o r  to  secur ing  
each po in t ing  c o n t r o l  s e c t i o n  f o r  f l i g h t .  

O n  September 19, 1968, t h e  po in t ing  con t ro l ,  t e lemet ry  sys- 
t e m  and associated launch support  equipment w e r e  moved t o  
t h e  launch area f o r  t h e  f i n a l  phases of t e s t i n g .  The i n t e -  
g ra t ed  payload w a s  assembled f o r  a f l i g h t  simulated per for -  
mance t e s t  i n  the  Aerobee prep  bui lding.  T h i s  t es t  w a s  run 
a t  2100 hours us ing  a sun gun a s  t h e  t a r g e t ,  

Although t h e  po in t ing  c o n t r o l  operated normally i n  a l l  o the r  
respec ts ,  t h e  e l e v a t i o n  servo system fai led to  acqu i re  t h e  
t a r g e t .  T h i s  problem w a s  a func t ion  o f  t h e  l a r g e  instrument 
moment of i n e r t i a  and t h e  r e l a t i v e l y  narrow beam width of t h e  
gun. T i m e  w a s  a l l o c a t e d  for f u r t h e r  e l eva t ion  servo tests 
t h e  following day t o  confirm proper opera t ion  and t h e  pay- 
load w a s  prepared for t h e  h o r i z o n t a l  i n t e r f e r e n c e  test ,  

The ho r i zon ta l  tes t  was run a t  about noon on September 20. 
I n i t i a l  a c q u i s i t i o n  of t he  sun gun w a s  normal i n  a l l  r e spec t s  
b u t  t he  e l e v a t i o n  servo  could be forced i n t o  the  o s c i l l a t o r y  
mode of t h e  previous evening by manually fo rc ing  t h e  i n s t r u -  
ment off  t a r g e t  a t  a high rate,  

Rocket and payload weight and balance measurements, and pay- 
load moment of i n e r t i a  measurements w e r e  made w h i l e  t h e  
ho r i zon ta l  t e lemet ry  record w a s  being reviewed f o r  proper 
operat ion.  The te lemetry record disclosed what appeared t o  
be d i sc r imina to r  s i g n a l  lock loss of t h e  70 KHz s u b c a r r i e r  
o s c i l l a t o r .  S ince  t h e  po in t ing  c o n t r o l  was a l r eady  being 
prepared f o r  ou t s ide  po in t ing  tes ts  of t h e  e l e v a t i o n  system, 
t h e  i n v e s t i g a t i o n  of t h i s  t e lemet ry  problem was delayed un- 
til these  checks w e r e  complete. 

The payload, on the  s p i n  table, w a s  wheeled ou t s ide  for t h e  
e l e v a t i o n  a c q u i s i t i o n  tests. With t h e  instrument proper ly  
balanced, s e v e r a l  normal a c q u i s i t i o n s  w e r e  achieved, A f t e r  
f ind ing  it impossible t o  force  t h e  e l e v a t i o n  system i n t o  t h e  
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o s c i l l a t o r y  mode, a l l  p r e s e n t  agreed t h a t  t h e  po in t ing  con- 
t r o l  was ope ra t ing  proper ly  wi th  the  real  sun, 

A t t en t ion  then  s h i f t e d  t o  t h e  te lemet ry  problem, which ap- 
peared t o  be random noise  sp ikes  w i t h  an amplitude t h a t  w a s  
n o t  co inc ident  wi th  t h e  discrete l e v e l s  of t h e  q u a s i d i g i t a l  
data. These sp ikes  w e r e  n o t  d i scernable  on t h e  po r t ab le  
ground s t a t i o n  recording b u t  w e r e  ev ident  on playbacks from 
t h e  NASA "D" van video tape. The 70 KHz SCO bandedges w e r e  
p roper ly  se t  for data inpu t s  of 0 v o l t s  and 5 v o l t s  b u t  t he  
instrument quiescent  da t a  output  w a s  approximately 6 v o l t s .  
T h i s  l e v e l  w a s  reduced t o  5 v o l t s  and f u r t h e r  te lemet ry  checks 
showed t h a t  t h e  problem w a s  resolved,  

I t  is  very doubt fu l  t h a t  t h e  da t a  output  of 6 v o l t s  w a s  s o l e l y  
respons ib le  f o r  t h e  sp ikes  ev ident  on t h e  record. The re- 
qui red  d a t a  had passed through both  the  po r t ab le  ground sta- 
t i o n  and t h e  BBRC ground s t a t i o n  without  any evidence of 
sp ikes .  A t  t h i s  t i m e  we  can only  assume t h a t  some de f i c i ency  
e x i s t e d  i n  t h e  NASA "D" van 70 KHz l i n k  a t  t h e  t i m e  of t h e  
ho r i zon ta l  recording. 

F i n a l  po in t ing  c o n t r o l  tests and secur ing  procedures w e r e  
completed on September 2 1  and 22.  The  e n t i r e  payload w a s  
i n s t a l l e d  aboard NASA Aerobee 4.185 US i n  Tower ''€3" on t h e  
af ternoon of September 22, 1968. P re -ve r t i ca l  checks of 
t h e  po in t ing  con t ro l ,  t e lemet ry  sys t e m  and instrument w e r e  
made and t h e  payload w a s  secured t o  begin t h e  nose cone 
evacuation. 

The v e r t i c a l  i n t e r f e r e n c e  t es t  was run a t  0615 hours on 
September 23, 1968, A l l  systems operated as expected and 
pre l iminary  f l i g h t  prepara t ions  w e r e  completed p r i o r  t o  
f i n a l  nose cone evacuation pumping for f l i g h t ,  

The BBRC f i e l d  c r e w  a r r i v e d  a t  t h e  launch area for t h e  T-3 
hour check a t  0715 hours on September 23. F i n a l  f l i g h t  pre- 
pa ra t ions  w e r e  completed and t h e  launch t o w e r  w a s  cleared by 
0930 hours f o r  an a n t i c i p a t e d  launch a t  1030 hours. 

The countdown progressed smoothly t o  t h e  launch of NASA A e r o -  
bee 4.185 US w i t h  SPC 324 D/B, TEL 333 and t h e  Harvard 
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spectrometer a t  10 hours, 30 minutes, 59-96 seconds MDT. 
The i n i t i a l  phases of f l i g h t  appeared normal with azimuth 
coarse a c q u i s i t i o n s  as expected. When t h e  nose cone w a s  
r a i s e d  and t h e  instrument  w a s  re leased ,  it was observed 
t h a t  the  po in t ing  accuracy w a s  very much o u t  of  l i m i t s  wi th  
excursions i n  both azimuth and e l e v a t i o n  g r e a t  enough t o  
cause t h e  coarse eye system t o  be a l t e r n a t e l y  enabled and 
d isab led  throughout the f l i g h t .  A t  t h e  command t o  restow 
t h e  instrument and r e t u r n  t h e  nose cone t o  a down and locked 
condi t ion,  t h e  instrument stowed, b u t  t h e  cone made no ap- 
pa ren t  a t tempt  t o  d r i v e  down, 

The te lemetered da ta  showed t h a t  t h e  po in t ing  c o n t r o l  bat- 
t e r y  w a s  very low,  b u t  a t  t h i s  p o i n t  t h e  cause w a s  unknown, 

The payload w a s  qu ick ly  recovered and re turned  t o  the  Navy 
Headquarters f o r  a quick-look a n a l y s i s .  

FLIGHT PERFORMANCE DATA 

The e l e v a t i o n  of  t h e  f l i g h t  da ta  showed t h a t  t he  f a i l u r e  of 
t h e  po in t ing  c o n t r o l  t o  maintain t h e  expected po in t ing  ac- 
curacy w a s  due t o  a combination o f  circumstances. The m a -  
j o r  con t r ibu to r  t o  t h e  f a i l u r e  w a s  t he  l o w  po in t ing  c o n t r o l  
b a t t e r y  vol tage,  which under i d e a l  condi t ions  of  rocke t  r o l l  
rate would have provided uns tab le  point ing,  b u t  poss ib ly  no t  
t o  t h e  e x t e n t  seen. Unfortunately,  t h e  rocke t  r o l l  rate w a s  
very near t h e  nose cone resonance frequency. This  caused 
excessive fo rc ing  funct ions which,  wi th  a l o w  b a t t e r y ,  t h e  
po in t ing  c o n t r o l  could n o t  overcome . 
The following t abu la t ed  da ta  
formance parameters with the  
meters : 

Occurence 

Zenith A l t i t u d e  
Ro l l  R a t e  a t  Burnout 
YO-YO Despin I n i t i a t i o n  
SPC Servo Operation 
SPC Nose Cone L i f e  
SPC R e s t o w  Command 
F i r s t  Severance 

compares t h e  p red ic t ed  f l i g h t  per- 
a c t u a l  f l i g h t  performance para- 

Predic ted  

113.0 m i l e s  
1.8 r p s  

60.0 seconds 
73.0 seconds 
92.0 seconds 

357.0 seconds 
370.0 seconds 

Actual  . 

112.0 m i l e s  
2.6 rps 

59.7 seconds 
73.0 seconds 
91.4 seconds 

359.2 seconds 
371.2 seconds 
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The fol lowing graphs p r e s e n t  information regard ing  p o i n t i n g  
c o n t r o l  ope ra t ion  and v e h i c l e  performance 

Graph N o .  1 is  a p l o t  o f  t h e  NASA accelerator ou tpu t  versus  
t i m e  from l i f t - o f f  t o  T + 73 seconds. The data 
w a s  on a shared te lemet ry  channel which w a s  
switched a t  T + 73 seconds. The ou tpu t  is  plot-  
t e d  as telemetered vo l t age  s i n c e  t h e  t ransducer  
c a l i b r a t i o n  w a s  n o t  a v a i l a b l e  a t  BBRC. I t  
should be a l so  noted t h a t  t he  v e h i c l e  s u s t a i n e r  
chamber p re s su re  t ransducer  d i d  n o t  ope ra t e  pro- 
p e r l y  dur ing  t h i s  f l i g h t  and t h e r e f o r e  no data 
are a v a i l a b l e  . 

Graph - N o .  2 is a p l o t  of the  v e h i c l e  r o l l  rate versus  t i m e  
from T + 2 - 0  seconds t o  T + 90 seconds. The 
r o l l  rate of t h e  v e h i c l e  a t  s u s t a i n e r  burnout 
w a s  2.60 rps, which w a s  maintained u n t i l  YO-YO 
despin i n i t i a t i o n  occurred a t  T + 59.7 seconds, 
despinning t h e  v e h i c l e  t o  2-05 rps, The despin 
of t he  upper payload s e c t i o n  then  increased  t h e  
v e h i c l e  r o l l  rate t o  the  f i n a l  f i g u r e  of 2.48 rps. 

Graph No. 2 is  a p lo t ,  contained on t h r e e  shee t s ,  o f  var ious  
solar po in t ing  c o n t r o l  parameters versus  t i m e .  
T h i s  graph shows t h a t  both azimuth and e l e v a t i o n  
coarse eyes w e r e  able t o  acqu i re  t h e  sun a l -  
though t h e  b a t t e r y  vo l t age  w a s  excess ive ly  low. 
The t a r g e t  eye s i g n a l  i n t e r m i t t e n t l y  dropped t o  
ze ro  throughout t h e  f l i g h t .  When t h e  t a r g e t  eye 
s i g n a l  is  a t  ze ro  t h e  p o i n t i n g  error is  g r e a t e r  
than  t h r e e  degrees ,  A t  T + 371-2 seconds a l l  
te lemet ry  s i g n a l s  w e r e  l o s t  when t h e  antenna l i n e  
w a s  severed wi th  v e h i c l e  payload severance.  

Graph N o ,  4 r e p r e s e n t s  t he  instrument  motion i n  t h e  e l e v a t i o n  
a x i s  w i th  respect t o  t i m e .  The s i n u s o i d a l  ap- 
pearance of t h e  p lo t  is  due t o  t h e  p recess iona l  
motion of  t h e  v e h i c l e  which had a cone ha l f  an- 
g l e  of  3 degrees and a pe r iod  o f  88 seconds. A s  
t h e  solar e l e v a t i o n  angle  a t  launch w a s  4 1  deg- 
rees, the  p lo t  i n d i c a t e s  t h a t  t h e  v e h i c l e  w a s  
ve ry  n e a r l y  a l i g n e d  wi th  local v e r t i c a l  through- 
o u t  t h e  f l i g h t .  
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Due t o  t h e  w i d e  excursions of t h e  po in t ing  con t ro l ,  e s p e c i a l l y  
i n  t h e  azimuth a x i s ,  t h e  following t abu la t ed  d a t a  w e r e  ob- 
t a ined  showing t h e  p o i n t s  i n  t i m e ,  as referenced t o  launch, 
where t h e  po in t ing  c o n t r o l  w a s  p o i n t i n g  i n  t h e  f i n e  eye mode. 
These t i m e s  are when t h e  po in t ing  e r r o r  i n  e l e v a t i o n  is  with- 
i n  t w o  minutes peak-to-peak (one minute e i t h e r  s i d e  of  t h e  
c e n t e r  of t h e  solar d i s c )  and wi th in  e i g h t  minutes peak-to- 
peak ( fou r  minutes e i t h e r  side of  t h e  c e n t e r  of t h e  solar 
d isc)  i n  t h e  azimuth a x i s .  

TABLE I 

T i m e  when po in t ing  wi th in  prescr ibed  l i m i t s  Duration of 
po in t ing  i n  seconds From TO 

138.48 
179 . 5 1  
202.47 
219.01 
220.51 
220.62 
255.62 
255.71 
255.90 
256.32 
264.29 
267.16 
283.13 
291.06 
306.55 
306.73 
322 . 3 1  
346.50 
346.69 

1 3 8 - 5 8  
179.66 
202.55 
219.09 
220.57 
220.69 
255.66 
255.77 
256.03 
256.42 
264.38 
267-24  
283 . 18 
291.27 
305 . 60 
306.79 
322.36 
346.55 
346.71 

0.10 
0.15 
0.08 
0.08 
0.06 
0.07 
0.04 
0.06 
0.13 
0.10 
0.09 
0.08 
0.05 
0.21 
0.05 
0.06 
0.05 
0.05 
0.12 
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POST FLIGHT ANALYSIS 

The payload w a s  located i n  t h e  v i c i n i t y  of 4Q Targe t  and 
Northrup S t r i p  about 40 m i l e s  nor th  of  t he  launch t o w e r .  The 
nose cone assembly was loca ted  approximately 200 yards east  
of t h e  parachuted payload. All recovered s e c t i o n s  w e r e  re- 
turned t o  t h e  Navy Headquarters for p o s t - f l i g h t  inspec t ion .  

The following condi t ions  o f  t h e  payload w e r e  noted during t h e  
i n i t i a l  i n spec t  ion : 

A. 

B. 

C. 

D. 

E. 

F. 

G .  

The 
ing 

The nose cone had n o t  restowed and w a s  separa ted  f r o m  
the  po in t ing  c o n t r o l  p r i o r  t o  impact. 

The h e a t  s h i e l d  on t h e  instrument w a s  missing. 

The nose cone l i f t  motor was missing 

The l i f t  support  tube had been bent  a t  i t s  base about 
70  degrees  during r e e n t r y  or on impact. 

The instrument  had broken out  of  t h e  stowed pos i t i on ,  
probably on parachute  deployment . 
There w a s  enough hea t ing  during r e e n t r y  t o  m e l t  s o m e  
v i n y l  tubing, cab le  clamps, s p o t  ties and soldered 
e lectr ical  connections.  

The re  w a s  no evidence of e lectr ical  a r c i n g  i n  t h e  point-  
i ng  c o n t r o l  or instrument.  

payload w a s  then moved i n t o  a lab f o r  dissambly. The point-  
c o n t r o l  w a s  taken a p a r t  between t h e  e l e c t r o n i c s  s e c t i o n  

and t h e  agency compartment and the  experiment c o n t r o l  deck re- 
moved. The po in t ing  c o n t r o l  b a t t e r y  was removed f r o m  t h e  elec- 
t r o n i c s  s e c t i o n  and it w a s  noted t h a t  t h e  b a t t e r y  had bo i l ed  
over and t h e r e  w a s  some corros ion  i n  the  e l e c t r o n i c s  s e c t i o n  
due t o  b a t t e r y  e l e c t r o l y t e .  

The b a t t e r y  w a s  examined and one ce l l  w a s  found t o  be physi-  
c a l l y  reversed. The b a t t e r y  pack is composed of  20  Yardney 
HR-3 S i l v e r c e l s  with a nominal b a t t e r y  vol tage  of 30 v o l t s .  
With the  one ce l l  reversed, t h e  b a t t e r y  pack had a maximum v o l t -  
age of 27 v o l t s .  The b a t t e r y  pack had been disassembled and 
cleaned a f te r  t h e  h o r i z o n t a l  test due to  e l e c t r o l y t e  s p i l l a g e .  
A review of a l l  evidence and data i n d i c a t e s  t h a t  one ce l l  w a s  
reversed a t  t h a t  t i m e  and t h e  reversed ce l l  w a s  n o t  detected 
during t h e  remaining p r e - f l i g h t  checks. 
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Examination of  t h e  nose cone assembly was made wi th  t w o  i t e m s  
very apparent .  The f irst  was t h a t  t h e  j o i n t  between the  l i f t  
tube and t h e  upper nose cone c a s t i n g  w a s  loose and t h e  r e t a i n -  
ing  r o l l  p i n s  had worked loose. This j o i n t  is assembled as a 
r i n g  f i t  and t h e  r o l l  p ins  maintain p o s i t i o n  both l a t e r a l l y  and 
long t iduna l ly  i n  t h e  j o i n t .  The next  p o i n t  of examination 
w a s  i n  t h e  area of t h e  upper c a s t i n g  on the  l i f t  support  tube. 
T h i s  c a s t i n g  is  a sh r ink  fit  to  t h e  support  tube and is  he ld  
i n  p l ace  w i t h  four  steel dowel p ins .  The l i f t  motor wi th  i t s  
gear box and p in ion  gear i s  a t t ached  to t h i s  ca s t ing .  The 
examination showed t h a t  t h i s  c a s t i n g  w a s  loose on t h e  support  
tube and two dowel p i n s  w e r e  missing. One o f  the  remaining 
dowel p ins  had moved far enough i n  toward t h e  c e n t e r  o f  t h e  
c a s t i n g  t o  prevent  passage of t h e  nose cone tube when it 
attempted t o  d r i v e  down. 

The na ture  of t h e  damage and e s p e c i a l l y  t h e  loosening of t h e  
nose cone j o i n t  and the  upper support  tube j o i n t  showed t h a t  
t he  nose cone must have been whipping v i o l e n t l y  w h i l e  i n  t h e  
r a i s e d  pos i t i on .  A c o r r e l a t i n g  f a c t o r  t o  t h i s  whipping mo- 
t i o n  w a s  found i n  t h e  f l i g h t  da t a .  I t  w a s  determined during 
p r e f l i g h t  ground tests t h a t  maximum nose cone motion, or i ts  
p o i n t  of resonance, occurred w i t h  a rocke t  s p i n  rate of  2.4 
t o  2.5 rps .  From the  f l i g h t  data it w a s  found t h a t  t h e  rocke t  
r o l l  rate a f te r  t h e  po in t ing  c o n t r o l  had acquired t h e  sun w a s  
2.48 rps .  Hence, it could be expected t h a t  t h e  nose cone 
motion due t o  veh ic l e  r o l l  rate was a t  t h e  maximum. 

Another model SPC 300 D/B w a s  tested a t  White Sands M i s s i l e  
Range to  determine t h e  effect  of l o w  b a t t e r y  vol tage  w h i l e  
ope ra t ing  t h e  po in t ing  c o n t r o l  a t  t h e  nose cone resonance 
frequency. The po in t ing  c o n t r o l  behaved normally w i t h  a 
s m a l l  increase  i n  po in t ing  error as t h e  A+ vol tage  w a s  dropped 
t o  25 v o l t s  b u t  below 25 v o l t s  t h e  azimuth servo  became m a r -  
g i n a l l y  unstable .  A t  24 v o l t s  t he  system was o s c i l l a t o r y  d i -  
vergent  and exh ib i t ed  behavior very s i m i l a r  t o  SPC 324 D/B 
during f l i g h t .  I t  w a s  also observed dur ing  t h i s  t e s t  t h a t  
nose cone motion w a s  no t  m a t e r i a l l y  a f f e c t e d  when t h e  point-  
ing  c o n t r o l  w a s  operated with an abnormally l o w  b a t t e r y  vol tage.  

P a s t  p o i n t i n g  c o n t r o l  t e s t i n g  has shown t h a t  nose cone motion 
increases  wi th  the in t roduc t ion  of  an of fse t  between t h e  
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veh ic l e  s p i n  a x i s  and t h e  po in t ing  c o n t r o l  azimuth a x i s ,  Two 
factors e x e r t i n g  a n  inf luence  on t h i s  o f f s e t  are dynamic un- 
balance and misalignment below t h e  po in t ing  azimuth j o i n t .  
P a s t  performance has ind ica t ed  t h a t  misalignment has t h e  
g r e a t e r  in f luence  on t h i s  o f fse t  and nose cone motion. 

Fur ther  tests of t h e  SPC 300 D/B have shown t h a t  t h e  poin t -  
i ng  c o n t r o l  w i l l  operate ,  w i t h  s o m e  loss i n  po in t ing  accur- 
acy, a t  a sp in  rate equal  t o  t h e  nose cone resonance frequency 
b u t  t h e  in t roduc t ion  of an o f f s e t  s i g n i f i c a n t l y  inc reases  
nose cone motion, e s p e c i a l l y  a t  t h e  higher s p i n  rates, 

CONCLUSIONS 

The f a i l u r e  of SPC 324 D/B t o  p o i n t  w i th in  t h e  a n t i c i p a t e d  
accurac ies  was d i r e c t l y  caused by t h e  r e v e r s a l  of t h e  one c e l l  
i n  t h e  po in t ing  c o n t r o l  b a t t e r y  pack. 

A secondary problem area which must be r e c t i f i e d  concerns 
veh ic l e  s p i n  r a t e  and misalignment between payload sec t ions  
a f t  of t h e  po in t ing  c o n t r o l ,  It  is mandatory t h a t  on a l l  
f u t u r e  f l i g h t s  more care be exerc ised  t o  in su re  alignment be- 
tween payload s e c t i o n s ,  Also t h e  vehic le  must be despun such 
t h a t  a r o l l  r a t e  of 2.00 r p s  or less is  achieved a f te r  t h e  

upper s e c t i o n  of t h e  po in t ing  c o n t r o l  is  despun, 

32 



5.0 

4.5 

NASA 4.185 US/SPC 324 D/a 
NASA ACCELEROMETER OUTPUT VERSUS TIME 

0.5 

C 

1. 

9 
8 v 

2.0 

1.5 

1.0 

0.5 

M I -  
S 
d 

C. Instrumentation 
Despin Initiated 

I 
I 
I 
I 
I 
I 
I 
I 
I !? t tds 

Data Not Reducible M Z  
S 2  

I 

6 ” )  
I Ir 
I 

3.0 

2.0 

1.5 

1.0 

0.5 

NASA 4.185 US/SPC 324 D/B 
VEHICLE ROLL RATE VERSUS TIME 

Hespin mu- 
ated \ / 

C. Instrumentation 
Despin Initiated 

I 
I 
I 
I 
I 
I 
I 
I 
I 

t tds 
!? 

Data Not Reducible M Z  
I Ir S 2  

Time in Seconds Referenced to Launch 3 3  



Gyro 
output 

‘ 
I 
I !  
I !  

Azimuth 
Coarse  
Eyes 

~ - ~ ~ l ~  

Nose 
Cone 
Sequence 

Y 

0 =- 
.- c 
y1 - 
6 Elevation 
8 Coarse 
2 Eyes 
I. 
Y 

4 B 
z 

SPC 
Battery 
(a0) 

Target 
Eye 

Gyro 
output 

Azimuth 
Coarse 
Eyes 

Nose 
Cone 

g Sequence 

C ”. 
VI 
0 
- 
gD Elevation 

a, Eyes 
; c o a r s e  

s 
4 B 
r” 

SPC 
Battery 
(X10) 

Target 
Eye 

34 

4 
3 
2 
1 
0 

4 
3 
a 
1 

0 

I 
3 
2 
1 
0 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

4 
3 
a 
1 
0 

4 
3 
2 

1 

0 

4 
3 
2 
1 

0 

4 
3 
2 
1 

a 

4 
3 
2 
1 
C 

4 
3 
2 
1 

r! 

i 

I 

Graph No. 3 Sheet 1 
SPC 324 D/B B B R C  

SOLAR POINTING CONTROL PERFORMANCE DATA VERSUS TIME 

\Instrumentation Spin StoppeJ 

- ---- _----- - - -- 
Data Cyclic with 7 
Rotation of Upper 
Payload Section 

Coarse  Acquisiti-ete + 

-1 /Ldt  Command Initiated 
Nose Cone -f 
in Transit  LL Iilstruinent Released 

Instrument Released --- -.. 
Coarse Acquisition Complete 

i 

f On 
---r*- I .? 

Azimuth -< 
Motor O n  

1 

Graph No. 3 Sheet 2 
B B R C  

SPC 324 D/B 

SOLAR POINTING CONTROL PERFORMANCE DATA VERSUS TIME 

.. - Instrument On Target . 

%-- .Instrument Off Targe t  - ,-’ 
110 180 190 2 00 210 22 0 230 240 250 260 270 280 290 

Time i n  Seconds Referenced to  Launch 



4 
3 

Azimuth 
Coarse 
Eyes 

Nose 
g Cone ; Sequence 

4 

!!! 

E Coarse 
$ Eyes 

rn 
c 
v1 

Elevation 

ij 
W 3 

SPC 
Battery 
( X O )  

Target  
Eye 

1 
0 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

4 
3 
2 
1 
0 

100 

90 

80 

70 

60 

50 

40 

90 

20 

10 

0 

-10 

-20 

-3 0 

-40 

-50 

Graph No. 3 Sheet 3 
SPC 324 D/B B B R C  

SOLAR POINTING CONTROL PERFORMANCE DATA VERSUS TIME 1 
I 
I 
t 
1 
I 
I 
I 
I 
I 
1 
I 

I 
Restow Command 

-< Payload/Velucle 
Severance 

Telemetry Lost 
I 

I 
I 

I 

I 
I 
I 

Restow Command I 
I 

i 
280 290 300 310 32 0 330 340 350 360 370 3 80 390 400 

Time  in Seconds Referenced to Launch 

SPC 324 D/B 

INSTRUMENT ELEVATION ANGLE VERSUS TIME 

Sfowed PoSition 

Upper Spring Stop -r- 
Graph No. 4 

B B R C  

--c Instrument Stowed 

Instrument Optical Axis Perpendieulas 
to Vetucle LonQtudinal A n s  

150 120 140 160 180 2 00 220 240 260 280 3 00 320 340 360 
Trme in Seconds Referenced to  Launch 

Lower Spring Stop 

35 


